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Abstract
Purpose: Conventional removable dentures still play an important role in the treat-
ment of lost teeth. A thorough understanding of the parameters that influence patient
satisfaction is useful for deciding whether denture replacement is meaningful. From a
clinical perspective, factors that can be measured before starting treatment are relevant.
This pilot study investigated whether patient satisfaction after denture renewal was
affected by aspects related to the old prostheses, type of jaw, and patient motivation
for denture renewal.
Materials and Methods: Fifty subjects (mean age 68.2 ± 8.4) were provided with
74 removable dentures (partial n = 20, complete n = 54). Satisfaction was assessed
before treatment and 3 months after new prosthesis insertion. Total satisfaction 3-
month post-insertion (TSP3) merged 6 individual satisfaction items measured after
treatment. Change of total satisfaction 3-month post-insertion (CTS3) represented the
difference of total satisfaction when old and new prostheses were compared. The ef-
fect of the following independent variables was investigated: reason patients requested
new dentures (fit, esthetics, broken denture, wear, advice of dentist, extractions), sat-
isfaction with the old prosthesis (general, retention, stability, comfort, pronunciation,
chewing, esthetics), and technical quality of the old prostheses as assessed by a dentist
(stability, retention, fit, border, wear, esthetics). Gender, age, and a cognitive screening
test were included as confounding variables. Mann-Whitney-U tests and linear mixed
model analysis were performed.
Results: All individual satisfaction items significantly improved with new prostheses
for maxillary and mandibular jaws. TSP3 was higher for maxillary prostheses, if
retention satisfaction with the old prosthesis was good, and if the dentist assessed the
esthetics of the old prosthesis as deficient. CTS3 was associated with male gender,
dissatisfaction with chewing before treatment, and dissatisfaction with esthetics before
treatment.
Conclusions: This pilot study showed that satisfaction 3 months after new denture
insertion was associated with aspects of satisfaction and quality related to the old
prosthesis, type of jaw, and gender. These factors may help dentists predict therapeutic
benefits when deciding on the need for denture replacement. Further research should
be done with a greater number of subjects and should include balanced quantities of
the different types of dentures.
Aging populations, associated with longer life expectancy and
declining fertility rates, have been reported as one trait of
modern Western societies.1 The World Health Organization
(WHO) has predicted that the proportion of the population aged
60 years and older will be 30% or more in 2050 in most West-
ern countries.2 At the same time, the prevalence of edentulism
has been declining.3 This has been attributed to a raised con-
sciousness about oral health and appearance, combined with
a professional oral care approach that follows the principles
of prevention and minimally invasive dentistry.4 However, due
to the aging population, the absolute number of partially and
completely edentulous patients still is considerable, as is their
need for treatment.5-7
In the last decades, dental implants have become avail-
able to optimize support and retention for partial or complete
dentures.8 Implant-supported/retained overdentures have been
1Journal of Prosthodontics 00 (2016) 1–8 C© 2016 by the American College of Prosthodontists
Patient Satisfaction with Denture Renewal Krausch-Hofmann et al
suggested as one standard of care for the edentulous mandibu-
lar arch.9 Unfortunately, treatment with dental implants is not
available for every patient due to financial, anatomical, and
medical limitations. As a consequence, conventional remov-
able dentures have remained relevant for the treatment of lost
teeth and soft tissues.10-14
One aspect of clinical success of denture treatment can be
assessed in terms of patient satisfaction.15,16 Satisfaction out-
comes have been reported to be easy to measure and to al-
low direct quantification of patients’ opinions and feelings to-
wards different aspects of prosthodontic treatment. Satisfaction
measures have been found to be associated with oral health-
related quality of life (OHRQoL) and were used to detect
clinically significant differences between various prosthodontic
treatments.17-20
While many patients have been reported to be content with
removable dentures, a small proportion have had long-term
problems.10,21-25 Langer et al reported that of their 127 subjects
who had received complete dentures, 69% were completely
satisfied, 19% were satisfied with minor objections, and 12%
were dissatisfied.16 Al-Omiri et al found that10% of the subjects
were not satisfied with their technically successful removable
dentures.26
A thorough understanding of the parameters that influence
patient satisfaction might help to predict treatment outcome
and could hence be useful in deciding whether denture re-
placement is meaningful.27,28 Ambiguous results on satisfaction
have been found concerning the effect of anatomic and phys-
iological parameters and technical denture quality.10,23,27,29-34
The clinical experience of the treating or attending dentists,
the relationships between patients and practitioners as well as
the demographic and psychological profile of patients have
also been reported to play a role.10,26,35-42 Instead of one sin-
gle factor, interaction of psychological, biological, anatom-
ical, and technical elements seemed to determine patient
satisfaction.16,43
For dental clinicians, those factors might be considered most
relevant that can be detected before starting the treatment with-
out being too obtrusive. Consequently, this pilot study used
subjects with previous denture-wearing experience to investi-
gate if aspects of satisfaction and technical quality related to
the old prosthesis affected satisfaction after denture renewal.
The effect of the subject’s motivation for denture renewal and
type of jaw were also studied. These variables were comple-
mented by the following covariates: gender, age, and a cognitive
screening test.
Materials and methods
Subjects
Fifty-eight non-hospitalized patients presenting at the Depart-
ment of Prosthetic Dentistry of the University Hospitals Leuven
with the request to replace their existing removable dentures
were recruited to participate in the study. Edentulous and par-
tially dentate subjects were selected. Inclusion criteria required
that subjects were able to communicate clearly with the clin-
ician and complete a questionnaire. Eight were excluded be-
cause of the following reasons: refusal to complete the follow-
up questionnaire (n = 3), discontinued treatment (n = 2), death
shortly after prosthesis insertion (n = 2), and payment incon-
veniences (n = 1). No other exclusion criteria were applied.
Data and data collection
The study was conducted in Leuven, Belgium according to the
ICH-GCP (International Conference on Harmonization Guide-
lines on Good Clinical Practice) principles. Approval was ob-
tained from the ethical committee of the University Hospi-
tals Leuven (protocol number s52765) before commencing the
study. All subjects were informed of the aims and procedures
of the study, and written consent was acquired.
Data collection took place between August 2012 and May
2014. Prior to treatment, a clock drawing test (CDT) was ad-
ministered to evaluate the cognitive condition of the subjects.
For scoring, the Shulman 0 to 5 system was used, with higher
values representing more proficient performances.44-46 Also,
the subject’s reason for requesting new dentures was recorded.
One or more of the following reasons could be selected: poor
prosthesis fit, poor esthetics, wear, damage, recent tooth ex-
tractions, and advice of the dentist. Satisfaction was assessed
before treatment and 3 months after prosthesis insertion by a
self-administered questionnaire. The same instrument was used
before and after treatment. The 3-month period has also been
used by other studies and was chosen to allow the subjects to
become habituated to the new dentures.23,26,27,33 Based on Scott
et al’s study, the questionnaire consisted of 7 items related to
denture satisfaction, separated for maxillary and mandibular
prostheses.47 General satisfaction, satisfaction with retention,
stability, comfort, pronunciation, chewing, and esthetics were
measured on a 5-point scale, with higher scores representing
higher values of satisfaction. Subjects who refused to return
to the hospital for the follow-up appointment were asked to
complete the questionnaire by mail (n = 7).
Technical quality of the dentures was assessed before starting
treatment and 3 months after insertion by the same experienced
dentist (LC). The same scoring method was used for both as-
sessments. Stability, retention, border fit, general fit, wear, and
esthetics were evaluated on a 4-point scale, with higher values
indicating higher quality. The criteria were predefined during a
meeting of the supervising dentists involved in removable den-
tal prosthesis training at the KU Leuven Department of Oral
Health Sciences. Guidelines published by McCord and Grant
were used as a basis for discussion.48 To evaluate retention,
subjects were asked to perform the following actions: swallow,
count from 1 to 10, protrude and laterotrude the mandible and
the tongue, and inflate the cheeks. Furthermore, the evaluator
tried to remove the prosthesis by pulling simultaneously on
two symmetrically positioned teeth of the prosthesis. The re-
tention score was determined by the ease of dislodgement of
the prosthesis following these manipulations. To evaluate sta-
bility, the assessor alternately pressed a finger on the occlusal
surfaces of the right and left premolar/canine region. Stability
was scored depending on the presence and the extent of rota-
tional or rocking moments of the prosthesis. The assessment of
border fit evaluated the correct length of prosthesis flanges as
well as the presence of sharp or rough edges. General fit was
defined as a global evaluation item, combining denture stabil-
ity, retention, and border fit. The evaluation of wear included
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the presence and extent of tooth abrasion, thin or broken edges
of the incisors, and damage at the prosthesis base. Tooth shade,
lip support, discoloration, the buccal corridors, positioning and
harmony of the teeth, gingival contouring, and occlusal planes
were assessed when evaluating prosthesis esthetics. For partial
prostheses, only the applicable criteria were applied. Technical
quality scores after treatment could not be obtained for those
subjects who refused to return for the follow-up appointment
(n = 7).
Treatment and fabrication of dentures
Denture treatment was carried out at the Department of Pros-
thetic Dentistry of the University Hospitals Leuven, either by a
postgraduate student or by an undergraduate student under su-
pervision of experienced prosthodontists. One pair of dentures
was made with the copy technique,47,49 while the others were
made according to the conventional protocol taught at the KU
Leuven Department of Oral Health Sciences. This procedure
was based on the Dutch manual published by Kalk et al.49 Pre-
liminary impressions were made with irreversible hydrocolloid
(alginate Aroma Fine Plus Fast Set; GC, Leuven, Belgium)
in prefabricated trays (Schreinemakers Border-Lock impres-
sion trays; Clan, Maarheeze, The Netherlands). Flanges of the
edentulous parts of definitive impression trays were extended
by border molding using dental compound (red ISO Functional
Sticks; GC; and green Impression compound; Kerr, Orange,
CA). Definitive impressions were made with a soft medium-
body polyether impression material (Impregum; 3M ESPE, St.
Paul, MN). Acrylic resin baseplates with wax occlusal rims
were applied for jaw relation records. The maxillary master
cast was placed in a semi-adjustable articulator by the arbi-
trary technique. For edentulous subjects, the positions of the
mandibular master casts were defined by the centric jaw rela-
tion using the guided-closure technique. Bilateral balanced oc-
clusal schemes were used for fabrication of all dentures.49 Resin
Candulor Physio Set TCR (Candulor AG, Glattpark, Swizter-
land) teeth were used for the replacement of incisors and ca-
nines. For premolars and molars the Bonartic TCR (Candulor)
system was applied. After the wax denture trial insertion, all
dentures were fabricated in the same dental laboratory by the
compression molding technique. A control appointment was
scheduled 1 week after insertion. Different types of removable
dentures were included in this study: partial metal-based (n =
9), partial resin (n = 11), and complete (n = 54) prostheses in
maxillary and/or mandibular jaws.
Variables and statistical analysis
Total satisfaction 3-month postinsertion (TSP3) and change of
total satisfaction 3-month postinsertion (CTS3) were used as
outcome variables. The sum-index TSP3 merged the values of
6 individual satisfaction items, measured after treatment: reten-
tion, stability, comfort, pronunciation, chewing, and esthetics.
The resulting variable had a theoretical range from 0 to 24, with
higher scores representing higher total satisfaction after treat-
ment. The outcome CTS3 was defined as difference between
total satisfaction pre (index, created in the same way as TSP3)
and TSP3. After recoding, values between 0 and 23 represented
a deterioration of total satisfaction, 24 indicated no change, and
values between 25 and 48 represented an improvement of total
satisfaction. Index formation was based on individual satisfac-
tion variables that were scaled identically. Spearman’s rank
correlation coefficients between individual satisfaction vari-
ables were significantly positive (p < 0.05, mean across all
conditions per subject, n = 50).
Twenty-three predictors were included in the analysis
(Table 1). Categorical predictors were dichotomized to meet
requirements of the statistical procedures applied to the data.
For the variables representing the different aspects of satis-
faction with the old prosthesis, dichotomization separated the
three least favorable categories from the two most favorable
(Fig 3). Variables representing the technical quality of the old
prosthesis could not be dichotomized homogeneously, as the
distribution differed markedly between these variables. Cut-off
points were chosen to include at least 20% of the subjects in
one of the two categories (Fig 4). For the clock drawing test,
scores3 represented a cognitive deficit, while scores>3 were
considered as regular cognitive functioning.29 Dichotomization
of age was performed by median split.
Per outcome variable, exploratory Mann-Whitney-U tests
were conducted with each possible predictor for maxillary and
mandibular arch, respectively. Covariates and predictors with
significant p-values were then included in a linear mixed model.
The least significant factor was excluded stepwise, resulting in
a model that exclusively consisted of covariates and significant
predictors. As a number of subjects were provided with two
dentures, subject identificator was included in the model as
random effect to account for clustering of data.
For all statistical analyses, the significance level was set at
p< 0.05. Analyses were performed with the statistical software
package SPSS 21.
Results
Descriptive statistics
Fifty subjects received 74 new dentures: 48 maxillary arch
(mx) and 26 mandibular arch (md). The study population con-
sisted of 52% female subjects with the mean age of 68.2 ± 8.4
(range 53 to 89). The median of the clock-drawing test
was 4 (range 1 to 5). Mean values of individual satisfac-
tion items were significantly higher after treatment for max-
illary and mandibular arches (Student’s t-tests for related sam-
ples: p  0.001 for General satisfaction mx, Satisfaction
retention mx, Satisfaction retention md, Satisfaction stability
mx, Satisfaction comfort mx, Satisfaction comfort md, Sat-
isfaction chewing mx, Satisfaction esthetics mx, Satisfaction
esthetics md; p  0.01 for Satisfaction stability md, Satis-
faction pronunciation mx, Satisfaction pronunciation md; p
 0.05 for General satisfaction md, Satisfaction chewing md
(Fig 1). The mean of TSP3 was 20.6 ± 4.1 (range 10 to
24 mx) and 16.6 ± 4.4 (range 10 to 24 mn). For CTS3, the
mean was 29.6 ± 6.2 (range 11 to 42) for the maxillary and
30.4 ±7.3 (range 18 to 47) for the mandibular arch.
Figures 2 to 4 illustrate the distributions of the predictor
variables. Figure 2 shows the reasons to ask for replacement,
with poor fit and wear being the main reasons. Figure 3 illus-
trates satisfaction with the old prostheses. In general, nearly
two-thirds of the subjects were very satisfied or satisfied with
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Table 1 Man-Whitney-U tests for TSP3 and CTS3, separated for maxillary and mandibular arch
TSP3 CTS3
Predictors Maxilla Mandible Maxilla Mandible
Jaw <0.001 0.928
Gender 0.214 0.574 0.052 0.013
Age 0.432 0.816 0.562 0.336
CDT 0.389 0.672 0.557 0.525
Reason for request Fit 0.590 0.742 0.031 0.274
Aesthetics 0.017 0.139 0.014 0.387
Broken denture 0.717 0.692 0.154 0.923
Wear 0.503 0.579 0.967 0.223
Advice dentist 0.733 0.498 0.267 0.258
Extraction 0.376 0.164 0.734 0.672
Satisfaction with old prosthesis General 0.068 0.878 0.049 0.003
Retention 0.026 0.041 0.003 0.880
Stability 0.074 0.224 <0.001 0.200
Comfort 0.158 0.224 <0.001 0.138
Pronunciation 0.734 0.660 <0.001 0.006
Chewing 0.832 0.397 <0.001 0.001
Aesthetics 0.076 0.457 <0.001 0.028
Technical quality of old prosthesis Stability 0.820 0.586 0.712 0.391
Retention 0.633 0.324 0.888 0.295
Fit 0.341 0.421 0.983 0.421
Border 0.448 0.429 0.204 0.397
Wear 0.342 0.102 0.680 0.807
Aesthetics 0.017 0.263 0.007 0.263
Bold values significant at p < 0.05.
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Figure 1 Mean values individual satisfaction items for old and new prostheses with error bars (standard error), for maxilla (mx) and mandible (md).
their old prostheses. Technical quality of the old prostheses as
assessed by a dentist is shown in Figure 4. About two-thirds of
the prostheses still had acceptable or good stability, but none
had acceptable or good esthetics.
Mann-Whitney-U tests and linear mixed models
Per outcome variable, separate Mann-Whitney-U tests were
performed with all covariates and predictors for maxillary and
mandibular arch (Table 1), and a linear mixed model was cal-
culated. After refining by stepwise exclusion of the least signif-
icant predictor, the models exclusively consisted of covariates
and significant predictors.
TSP3 was significantly higher for the maxillary arch, when
the subject was more satisfied with the retention of the old
prosthesis, and when the dentist assessed the esthetics of the
old prosthesis as deficient (Table 2). CTS3 was significantly
higher with male gender, lower satisfaction with chewing before
treatment, and lower satisfaction with esthetics before treatment
(Table 3).
Discussion
This pilot study analyzed if patient satisfaction after conven-
tional denture treatment was associated with the reasons for
requesting denture renewal, and with different aspects of satis-
faction and quality related to preexisting prostheses. The study
had a number of significant limitations. The fact that all denture
quality assessments were done by the same dentist assured uni-
form scoring, but potentially compromised reproducibility of
results. Moreover, due to the small sample size, results should
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Figure 3 Satisfaction with old prosthesis maxilla (mx) and mandible (md), black margin indicates dichotomization.
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Figure 4 Technical quality old prosthesis for maxilla (mx) and mandible (md), black margin indicates dichotomization.
be extrapolated with caution. The limited number of subjects
also affected dichotomization of the technical-quality variables.
Furthermore, complete and partial dentures were included in
unbalanced quantities. Satisfaction differences between these
two groups have been reported.20,22 The limitation to only one
follow-up measurement also needs to be considered, because it
has been shown that denture satisfaction evolves over time.31
The fact that the new dentures were fabricated by postgraduate
or undergraduate students might also have compromised the
quality of the study; however, all dentures were made under
strict supervision of experienced prosthodontists.
Prosthodontic replacement aims to reach high absolute pa-
tient satisfaction with the new prosthesis as well as improve-
ment of satisfaction when comparing new and old dentures.
Consequently, TSP3 and CTS3 were used to operationalize
therapeutic benefits, with CTS3 being less sensitive to response
bias caused by a subject’s tendency to answer predominantly
favorable or unfavorable.
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Table 2 Final linear mixed model for TSP3
Estimate Standard error Significance 95% Confidence interval
Jaw (maxilla = 0, mandible = 1) −2.44 0.96 0.013 −4.35 - −0.52
Satisfaction old prosthesis, retention 3.34 0.98 0.001 1.40 - 5.29
Technical quality old prosthesis, eesthetics −2.22 1.02 0.033 −4.25 - −0.18
Gender (female = 0, male = 1) 1.02 0.99 0.308 −0.96 - 3.00
Age 1.30 0.88 0.146 −0.46 - 3.06
CDT 1.01 0.97 0.299 −0.92 - 2.94
Bold values significant at p < 0.05.
Table 3 Final linear mixed model for CTS3
Estimate Standard error Significance 95% Confidence interval
Satisfaction old prosthesis, chewing −4.27 1.14 <0.001 −6.56 to −1.99
Satisfaction old prosthesis, esthetics −5.99 1.09 <0.001 −8.16 to −3.83
Gender (female = 0, male = 1) 5.09 1.01 <0.001 3.09 to 7.10
Age 1.78 0.97 0.072 −0.16 to 3.72
CDT −0.03 1.09 0.977 −2.21 to 2.14
Bold values significant at p < 0.05.
For all individual aspects of satisfaction, mean values were
significantly higher with the new prosthesis than with the
previous prosthesis (Fig 1). Mean values for TSP3 indicated
a distribution skewed towards values of higher satisfaction.
This evolution was also reflected by the CTS3. These re-
sults are in line with international literature.10 While 60%
of the subjects in the Berg’s study were dissatisfied with
their old prosthesis, only 15% expressed dissatisfaction with
the new prosthesis.34 Al-Omiri et al reported that satisfac-
tion with appearance, pain tolerance, oral comfort, eating
and total satisfaction had improved after removable denture
treatment.26
Langer et al found almost no correlation between patients’
appraisals and the dentist’s assessment of the same dentures.16
Zlataric´ and Celebic´ reported that dentures were assessed more
favorable by the patient than by the dentist.24 In the cur-
rent study the esthetic assessment of the old dentures differed
markedly between subjects and dentist, with the subjects being
much more positive.
The main scope of this study was to identify predictors for
denture satisfaction that can be obtained before starting the
treatment procedure. Multivariable analysis showed that TSP3
was significantly higher if the prosthesis was situated in the
maxillary arch, if the subject was more satisfied with the re-
tention of the old prosthesis, and if the dentist had assessed
esthetics of the old prosthesis as deficient (Table 2).
Higher satisfaction values for maxillary prostheses might be
explained by the larger anatomical stabilization area created by
the hard palate. This result agrees with the findings of Carlsson
et al and Perea et al, while de Siqueira et al and Al-Omiri et al
found no effect of the type of jaw.13,14,26,33,43
The impact of retention satisfaction before treatment might
be mediated by anatomical conditions as well. If the jawbones
provided sufficient retention to the old prosthesis, fabrication
of a satisfying new denture is more feasible. This theory was
supported by the results of van Waas, who found oral tissue
quality significantly associated with denture satisfaction.33 The
anatomy of the mandibular ridge was repeatedly shown to pre-
dict satisfaction after treatment.27,29,32,39
If the esthetics of the old prosthesis were considered subop-
timal, fabrication of satisfying new prostheses might have been
easier; however, esthetic satisfaction with the old prostheses as
well as esthetics as a reason to ask for fabrication of new den-
tures were not associated with TSP3 in multivariable analysis.
As outlined earlier, subjects tended to be less critical than the
dentist concerning esthetics of old prostheses. Because of their
everyday exposure, they might have been less conscious about
the deteriorated appearance of their denture, but appreciated
improved esthetics after renewal.
Focusing on the second outcome variable, CTS3 was signif-
icantly higher for men and for those who were less satisfied
with esthetics and chewing before treatment (Table 3). In ac-
cordance with the results of the current study, female subjects
in Pan et al’s study scored significantly lower on several satis-
faction dimensions 6 months after denture renewal.40 Al-Omiri
et al confirmed that female subjects were significantly less sat-
isfied with appearance after denture treatment.26 Furthermore,
female subjects needed more appointments for adjustment and
modification after insertion.41 These differences might be at-
tributable to a combination of physiological, psychological,
and social factors.40 However, Perea et al reported a slight
tendency of lower OHRQoL in male subjects after denture
treatment.13 Other studies found no gender effects on denture
satisfaction.14,16,43
Dissatisfaction with esthetics before treatment was also
found to be associated with higher CTS3. A dental prosthesis
is prominently situated in the face and as such is noticed by
the patient and by others during social interaction. By that,
dissatisfaction with denture esthetics can be related to feelings
of embarrassment and shame. Berg et al showed the impact
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of other people’s opinions on denture appraisal.42 Compre-
hensively, an esthetic new denture improved total satisfaction;
however, esthetics as the reason for requesting denture renewal
and the esthetic assessment of the dentist were not associated
with the outcome variable in multivariable analysis.
In the current study, dissatisfaction with chewing before treat-
ment was also associated with higher CTS3. The impact of
chewing satisfaction with the old prosthesis has never been
analyzed before, but it was repeatedly shown that chewing
satisfaction significantly contributed to denture appraisal after
denture treatment.28,29
Outcome variables were not affected by the age of the sub-
jects in the current study. This result is supported by Akeel and
Perea et al, who found no association between age as a mod-
ulating variable, satisfaction and OHRQoL.13,30 On the other
hand, Pistorius et al reported higher OHRQoL for older remov-
able denture wearers.19 Similarly, removable denture wearers
under the age of 60 expressed more dissatisfaction than older
subjects in Frank et al’s study.25
In the present study, outcome variables were not affected by
the cognitive status of the subjects. As an easy to use and sen-
sitive cognitive screening instrument the CDT has been widely
used as an adjunct to the Mini-Mental-State Examination.45 As
the CDT primarily tests executive cognitive function, further
research should use alternative measures that represent a more
global measurement for cognitive functioning.46
Conclusion
This pilot study showed that patient satisfaction 3 months after
insertion of new dentures was associated with aspects of sat-
isfaction and quality related to the old prosthesis, type of jaw,
and gender. These factors may help dental clinicians predict
the therapeutic benefit when deciding on the need for denture
replacement. Further research should be done with a higher
number of subjects and should include balanced quantities of
the different types of dentures.
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